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Acetylation of Synaptosomal Protein: Effect of Na +
Arlene Colon, 1 Soli Berl, 1 ' 3 and Donald D. Clarke2
(Accepted October 8, 1986)

In a previous study it was shown that the acetyl moiety can be incorporated into the protein
of purified synaptosomes (1). This process was inhibited by veratridine and the inhibitory
effect was counteracted by tetrodotoxin. This suggested that the flux ofNa +may be related
to the acetylation process. We now report that in a sodium free medium the amount of
acetylation is increased and the inhibitory effect of veratridine (veratrine) is no longer
evident. The addition ofNa +leads to a decrease in acetylation in the presence of veratrine.
The presence of scorpion toxin has an effect similar to that of veratrine and the two are
not additive. Hence, they appear to act on a common site. Molecular sieve chromatography
shows four radioactively labeled peaks, two of which are particularly affected by veratrine.
We also show that [3H]acetate incorporated into synaptosomal protein can be recovered
as acetyldansylhydrazide. In addition, the concentration of free and bound acetate was
measured in whole brain as well as in synaptosomes.
KEY WORDS: Acetylation; synaptosomes; Na + ;protein.

of the neurotoxins suggested that the flux of N a +
into the synaptosomes may be related to the acetylation-deacetylation cycle. This paper presents
follow-up studies on this theme as well as preliminary attempts to identify the labeled protein. It is
also shown that the acetyl moiety can be recovered
from acid precipitated synaptosomal protein. Levels of free and bound acetate were also measured.

INTRODUCTION
Previous work in our laboratory demonstrated
that [ 3 H]acetate is rapidly incorporated into synaptosomal protein (1). This incorporation is decreased by the addition of veratridine to the incubation medium and the effect of veratridine is
blocked by tetrodotoxin and by batrachotoxin (1,
2). Most of the radioactivity is rendered volatile
after base or acid hydrolysis and it is this fraction
that is affected by veratridine. The data show that
labeled acetate can be incorporated as such into synaptosomal protein. In addition, the data suggest that
the decrease in acetylation caused by veratridine
and batrachotoxin rna y be at least in part due to
deacetylation of the acetylated protein. The effect
1

2

EXPERIMENTAL PROCEDURE
Materials. [3 H]Acetate (- 4 Cilmmol) was obtained from
New England Nuclear. Before use, 0.10 volume of 0.1 M NaOH
was added to aliquots of the tritiated acetate and the ethanol in
which it was supplied was evaporated at ooc with a gentle stream
of N 2 • The residue was dissolved in the same volume of H 2 0.
The purity of [3H]acetate was ascertained by thin layer chromatography on silica gel chromatogram sheets (Eastman). The
chromatograms were developed with acetone-t-butanol-n-butanol-ammonium hydroxide = 4: 1 : I : 1 and exposed to x-ray
film. Only one spot of radioactivity was seen under these conditions.
Veratrine HCl was obtained from Sigma and used in these
studies since veratridine was not available. The average M. W.
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of the several alkaloids present in veratrine is 614 daltons and
this value was used in calculating the concentration of the added
veratrine HCI. Scorpion venom (Androctonus australis) ovalbumin and N -acetylalanine were obtained from Sigma Chemical
Co. Anhydrous hydrazine, dansyl chloride and micropolyamide
thin layer chromatography plates were obtained from Pierce
Chemical Co. The test kit for enzymatic analysis of acetate was
obtained from Boehringer-Mannheim.
Methods
Preparation of Synaptosomes. Synaptosomes were prepared
from the cerebral hemispheres of male Sprague-Dawley rats
(150-200 g wt) as described by Booth and Clark (3).
Labeling of the Synaptosomes. The synaptosomal pellet was
suspended in Krebs-Ringer phosphate buffer containing 5.5 mM
glucose (KRP) which had been oxygenated with 95% 0 2 -5% C02
prior to use. The incubations were done in a Buchler Rotary
Evapomix apparatus with rapid agitation at room temperature.
The preparations were acclimated for 10 minutes before any additions were made. For the membrane studies, 1.8-2.0 mM ATP
was present. The final concentrations of added [3 H]acetate was
approximately 0.03-0.05 mM (100 t-LCilml).
Following incubation for varying periods of time, 1 ml samples were immediately mixed with 0.1 ml of 4 M perchloric acid
(PCA) and kept in ice or overnight in the refrigerator until centrifuged. The precipitates were washed at least five times with 5
ml of cold 0.4 M PCA, the first two washes containing 10 mM
unlabeled sodium acetate, and then twice with 5 ml of ether. The
proteins were then dissolved in 1 ml of 1 N NaOH at 50-60°C.
Aliquots were counted in a Packard Tri Carb Liquid Scintillation
Spectrometer. Protein was determined by the Lowry procedure
(4).

In these studies with [3 H]acetate the incorporated radioactivity was fractionated into the hydrolyzable acid volatile activity
representing the acetyl moiety and the more stable non-volatile
radioactivity after acid hydrolysis (1). Aliquots of the dissolved
protein were heated in 2 M HCl for 3 hours at 100°C and then
dried in vacuum at 60-65°C with the Buchler Rotary Evapo-mix.
The residue was dissolved in 1 ml2 M HCl and again dried. Four
ml of H 20 was then added and the protein dried again. The latter
was repeated once more. The residue was dissolved in 1.2 ml of
water and 1 ml was counted. The radioactivity remaining was
considered as the non-volatile fraction. The difference between
the total radioactivity and the former was considered as the volatile fraction.
Molecular Sieve Chromatography. The washed synaptosomal protein or whole synaptosomes were dissolved in buffer containing 10 mM Tris pH 7.0, 2% SDS, 8 M urea, 5% ~-mercap
toethanol, 10% glycerol and 0.02% sodium azide. The solution
was chromatographed on an Agarose 1.5 m (Bio Rad) 1.5 em x
113 em column eluted with 10 mM Tris pH 7.0 containing 0.5%
SDS and 0.02% sodium azide. Fraction volumes were 2.5 ml.
Aliquots were counted and protein determined by the Lowry
assay (4).
Sodium Dodecylsuifate Polyacrylamide Gel Electrophoresis
(SDS-PAGE). Preparations were treated with SDS-mercaptoethanol buffer (5) containing 4 M urea for 3 mins at 1ooo, and electrophoresed on 5-15% polyacrylamide gradient slabs, 13.8 em x
10 em. The gels were fixed in 12.5% TCA, stained with Coomassie blue, and destained by conventional methods.
Periodic Acid Schiff(PAS) Staining. Gels intended for PAS
staining for carbohydrate content (6) were fixed in either freshly
prepared TCA (10-12%) or 50% methanol, followed by several

changes in either fresh fixative or water to insure complete removal of any residual SDS which may interfere with subsequent
steps. Mter fixation and removal of SDS the gel was treated with
0.5% periodic acid for 30-45 minutes and then washed with several frequent changes of distilled water and one overnight change.
The washed gel was then treated for 30 minutes, in the dark, with
Schiff reagent followed by three 10 minute washes in 0.5% potassium metabisulfite. The gels were washed exhaustively in
many changes of distilled water to remove excess background
color.
Identification of [ 3 H]Acetate in Synaptosomal Protein . NAcetylalanine was used as a standard and hen egg albumin was
used as a control. Synaptosomes were prepared from 10 rat brains
and incubated for 10 minutes with [3 H]acetate as described
above. The synaptosomal pellet was then washed twice by resuspension in 30 ml of Krebs-Ringer phosphate buffer and homogenized with 0.4 N PCA. The PCA precipitate was washed 4
times with 10 ml of 0.4 M PCA and 8 times with 30 ml of ether.
Weighed amounts of the dried brain protein, acetylalanine and
ovalbumin were treated with anhydrous hydrazine for 18 hours
at 100°C in sealed glass tubes (7). The excess hydrazine was removed under reduced pressure with the test tube in an ice bath.
The dansyl derivatives were then prepared as described by
Schmer and Kreil (8). The residues were taken up in 0.2 M sodium
citrate buffer pH 3.0. Dansyl chloride (5-10 fold excess w/w)
dissolved in ethanol was added and the mixtures incubated at
37°C for 24 hours. The reaction mixtures were then taken to dryness under reduced pressure and the residues taken up in small
volumes of water and extracted three times with ether. The ether
extracts were concentrated, counted and aliquots subjected to
two dimensional thin layer chromatography on micropolyamide
plates. The first solvent was formic acid-water = 1.5:50 and the
second solvent was benzene-acetic acid = 9: 1. The spots were
visualized with U .V. light, scraped from the plates, extracted
with ether and ethanol and counted.
Determination of Acetate in Brain Tissue. The acetate was
determined enzymatically by the procedure ofBergmeyer (9) The
determination is based on the formation of NADH measured by
the increase in absorbance at 340 nm. The whole cerebrum or
synaptosomes prepared from 3-4 cerebri were homogenized with
0.4 M PCA and centrifuged. The PCA extracts were adjusted to
pH 8.0 with 4 N KOH and centrifuged. Aliquots of 0.2 to 1.0 ml
were analyzed and the results calculated as free acetate. The PCA
precipitated protein was washed once with 0.4 M PCA and dissolved in 2 N NaOH. Mter 2 hrs at room temperature an aliquot
was adjusted to pH 8.0 with cone. HCI. A second aliquot was
placed in a boiling water bath for 3 hrs and then adjusted to pH
8.0 with cone HCl; 0.1-0.2 ml fractions were analyzed for acetate. The results from the heated aliquots were calculated as total
bound acetyl groups and the results from the non-heated aliquots
were calculated as 0-acetyl bound groups. The difference between the former and the latter were calculated as the N -acetyl
groups .

RESULTS
Effect of Sodium. When Na + was omitted from
the KRP incubation medium and replaced by choline chloride the incorporation of acetate was increased as compared with the control and the ver-
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of 20 J.!.M veratrine with 10 Jl.g/ml of scorpion toxin
was more effective than either alone (Figure 3, compare E with B and F). However, the combination
of 100 Jl.M veratrine with 10 Jl.g/ml of scorpion toxin
was no more effective than 100 Jl.M veratrine alone .
Chromatography of Synaptosomal Protein.
Synaptosomes were labeled with [ 3 H]acetate in the
presence or absence of veratrine and the protein
precipitated with perchloric acid (PCA). The dissolved proteins were chromatographed on an Agarose 1.5 m molecular sieve column (Figure 4). At
least three peaks of radioactively labeled protein
were eluted. The incorporation of [3 H]acetate in
peak two was considerably decreased in the presence of veratrine (Figure 4, compare A with B).
When labeled whole synaptosomes were dissolved and chromatographed without prior protein
precipitation with perchloric acid the elution profile
was somewhat different (Figure 5). At least 4 peaks

10

MINUTES

Fig. 1. Effect of Na + on the incorporation of eH]acetate into
perchloric acid (PCA) precipitated proteins from synaptosomes
incubated in the presence or absence of veratrine. Synaptosomes
were prepared from 8 rat brains. One-half was suspended in two
4 ml aliquots of KRP (A, B) and half in two 4 ml aliquots of KRP
in which the N a+ had been omitted and replaced with choline
chloride (O.I5 M), (C, D). Veratrine IOO f..LM was added to B, D
followed in 2 min by [3 H]acetate (0.05 tJ.M, IOO f..LCi/ml) to all 4
samples. Aliquots of I ml were removed at 1, 2, 5, and IO min
and the proteins were precipitated and treated as described in
Methods. The solid lines are the volatile and the dotted lines are
the non-volatile radioactivity after acid hydrolysis. The data represent the averages from 2 experiments.
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atrine effect was abolished (Figure 1; compare A,
B with C, D). These effects were apparent only in
the acid hydrolyzable volatile fractions. If synaptosomes were incubated in a N a+ free medium for
5 minutes the addition of sodium produced a small
transitory decrease in incorporation of acetate into
the synaptosomal protein (Figure 2, A, B). However, if veratrine was present in the sodium free
medium the addition of sodium resulted in a sus- ·
tained decrease in accumulated acetate.
Effect of Scorpion Toxin. Scorpion toxin,
which inhibits closing of sodium channels (10), also
decreased the labeling of synaptosomal protein by
3
[ H]acetate (Figure 3 F). Scorpion toxin, 10 Jl.g/ml,
was more effective than 20 J.!.M veratrine but less
effective than 100 J.!.M veratrine. The combination

10

4

B.

-Veratrine
Na added at arrow

c.

t Veratrine
Na added at arrow

6
8
MINUTES

10

Fig. 2. Effect of the addition of Na + to a synaptosomal suspension labeled with [3 H]acetate in the presence or absence of veratrine. See Legend to Figure I for details. The synaptosomal
suspension in Na + free medium was divided into 3 portions. Veratrine (100 tJ.M) was added to (C) 2 minutes before the addition
of[ 3H]acetate (100 tJ.Cilml, 0.05 mM). One ml samples were taken
at I, 2, and 5 min. NaCl was added (final concentration, O.I54
M) at 5 min and I ml samples taken at 6, 7, and 10 min. The data
are the acid hydrolyzable-volatile radioactivity averaged from 3
experiments.
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Table I. Molecular Sieve Chromatography of Whole
Synaptosomes. Effect of Veratrine.

A.

Control

B.

20 uM Veratrine

c.

100 uM Veratrine

D.
E.

B + Scorpion toxin
c +Scorpion toxin

F.

Scorpion

Area (C.F.)

toxin

I

C I (2I-26)
c 2 (27-32)
c 3 (32-44)
c 4 (45-53)

6.5
4.5
50.5
38.6

V I (20-24)
v 2 (25-28)
v 3 (29-4I)
v 4 (42-52)

6.5
3.3
59. I
31.2

A

0

B
c
CD

()12

% of Total cpm*

% inhibition**

32.3
50.0
21.2
45.0

F

....

a..

* Total counts in the 4 peak areas.
** (1-V/C) (100) Calculated from total counts in the
peaks = % inhibition .
C = control.
V = veratrine, IOO tJ.M
Overall % inhibition by veratrine was 37.5.
C. F. = column fraction pooled from A 1.5 m column
depicted in Figure 6.
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Fig. 3. Effect of scorpion toxin on the incorporation of
3
[ H]acetate into synaptosomal perchloric acid (PCA) precipitated
protein in the presence or absence of veratrine. Synaptosomes
prepared from 9 rat brains were suspended in I8 ml of KRP and
divided into 6 experimental groups (A-F). Scorpion toxin (10 tJ.g/
ml) was added to groups D, E, F , and incubation continued for
30 min. Veratrine was then added to groups B, D (20 tJ.M), and
C, E (100 tJ.M). After 2 min, eHJacetate was added to all groups .
One ml samples were taken at I , 2, and 5 min and treated as
described in Methods. The data represent the acid hydrolyzablevolatile radioactivity averaged from 2 experiments.
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of radioactivity were eluted; peak 4 was not seen
with the PCA precipitated protein (Figure 4). In addition, the amount of radioactivity in peaks 1 and 2
were now relatively less than in peak 3 (compare
Figure 4 with Figure 5). The presence of veratrine
decreased the labeling of peak 2 as in Figure 4 and
also decreased the labeling of peak 4. The data from
Figure 5 is summarized in Table I. It is evident that
the inhibitory effect of veratrine is greatest on peaks
2 and 4.
When synaptosomes were heated in a boiling
water bath for 9 minutes then dissolved and chromatographed the incorporation of radioactivity was
almost completely inhibited in all four protein peaks
(Figure 6).
SDS-PAGE. The peak column fractions from
the chromatogram shown in Figure 4 were subjected
to electrophoresis in a 5-15% polyacrylamide gra-
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Fig. 4. Chromatography of synaptosomal proteins labeled with
3
[ H]acetate and precipitated with perchloric acid. Synaptosomes
were prepared from 16 rats and suspended in 31 ml of KRP. The
synaptosomes were divided into two 15 ml portions. Veratrine
HCl (100 tJ.M) was added to one portion and incubation continued
for 2 minutes. [3 H]Acetate was then added to both and incubation
carried on for an additional 10 minutes. The washed PCA precipitated protein preparations were dissolved by heating in a boiling water bath for 5 minutes, in 6-7 ml of buffer and chromatographed on Agarose 1.5 mas described in Methods. A. Control:
Approximately I2.4 mg in 5 ml, 6200 cpm, were applied to the
column. B. Veratrine treated (100 tJ.M): Approximately 17.9 mg
in 5 ml, 5800 cpm, were applied to the column.
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Fig. 5. Chromatography of solubilized whole synaptosomes on
A 1.5 m agarose. Synaptosomes were prepared from 16 rat brains
and divided into a control and a veratrine group. After incubation
at room temperature with eH]acetate (200 f.LCi/ml) for 10 min the
synaptosomes were placed in ice and centrifuged at 27,000 g for
5 minutes at 4°C, followed by 10 cycles of washes with 20 ml ice
cold KRP. The washed synaptosomes were solubilized in 6 ml
of buffer and chromatographed as described in Methods. A. Control: 12.5 mg in 5 ml, 1.4 x 106 cpm were applied to the column.
Fractions of2.5 ml were collected. B. Veratrine treated: 12.5 mg
in 5 ml, 7.5 x 105 cpm were applied to the column. Fractions of
2. 65 ml were collected. Arrows indicate the four major areas of
radioactivity. Although peak 4 has a conspicuous shoulder the
entire area was pooled as one. Fractions were pooled as described in Table I. Residual free acetate eluted with the ~-mer
captoethanol and urea after fraction 55.

dient slab gel (Figure 7). Columns fractions 22, 23,
24 represent peak 1 proteins. These ranged in size
from proteins which did not enter the gel (350 KD)
to just above 43 KD and centered around 90-100
KD. Fractions 26 through 34 represent peak 2 labeled proteins. These ranged from 150 to 25 KD and
centered around 30-40 KD. Fractions 40-46 represent peak 3 labeled proteins which ranged from
approximately 50 to 5 KD and centered around 2030 KD. Peak 4, which is seen in Figure 5, ranged
in M. W. from 5 to 15 KD and centered about 10
KD. Aliquots of the pooled column fractions corresponding to peaks 3 and 4 in Figure 5 were subjected to 15-30% polyacrylamide gradient slab gel

40

COWMN
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I

50
FRACTION NO.

Fig. 6. Heat inactivation of incorporation of eH]acetate into synaptosomal proteins. Synaptosomes were prepared from 10 rat
brains and divided into two equal aliquots one of which was
placed in boiling water for 9 minutes and cooled before incubation
with [3 H]acetate (200 f.LCilml) at room temperature for 10 minutes . The reaction was stopped by chilling on ice and the synaptosomes recovered by centrifugation at 1000 g for 5 minutes
at 4°C, followed by 5 cycles of washes with 20 ml ice cold KRP.
Fewer washes and gentle centrifugation resulted in higher protein
yield in general and higher radiospecific activity in area 3 (compare with Figure 5). The washed synaptosomes were solubilized,
chromatographed and protein content determined as described
in Methods. A. control: 38 mg in 5 mls (2.58 x 106 cpm) were
loaded. B. Heated: 21 mg in 5 ml (7.5 x 104 cpm) were loaded.

K Daltons

5643-

20_
, 3 . 7_

3

Fig. 7. SDS-PAGE of column fractions following molecular sieve
chromatography. Aliquots of the A 1.5 m-column fractions depicted in Figure 4A were electrophoresed as described in Methods. The numbers at the tops of the gel tracks designate the column fraction electrophoresed. The M track shows molecular
weight markers phosphorylase B (92 KD), glutamate dehydrogenase (56 KD), actin (43 KD) soybean trypsin inhibitor (20 KD),
ribonuclease (13. 7 KD) and insulin (3 KD) while the C track
shows the crude protein mixture loaded onto the column.
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Fig. 8. Periodic acid Schiff (PAS) staining after SDS PAGE of
radioactive peaks. Aliquots of 160 J.Ll of the column fraction pools
corresponding to peaks 3 and 4 in Figure 5 were mixed with 40
J.Ll of Laemmli' s buffer (5), boiled 3 minutes and electrophoresed
on a 15-30% polyacrylamide slab gel. The gel slab was fixed and
prepared for PAS staining as described in Methods. Track 1 Molecular weight markers, (15 J.Lg each) soybean trypin inhibitor,
(20 KD) ribonuclease (13.7 KD) and insulin (3 KD) were stained
with Coomassie blue on a duplicate gel. Track 2 Control Peak 3
(48.8 J.Lg). Track 3 Control peak 4 (8 J.Lg). Track 4 Veratrine peak
3 (47. 5 J.Lg). Track 5 Veratrine peak 4 (6 J.Lg).

electrophoresis and stained with the periodate
Schiff reagent for glycoproteins (Figure 8). Peak 3
proteins were strongly stained with the PAS reagent
while peak 4 was not stained.
Association of [3 H]Acetate with Synaptosomal
Protein. Studies were done to show that the
3
[ H]acetate incorporated into synaptosomal protein
could be recovered as acetate. Approximately 70%
of the expected acid hydrolyzable, volatile, radioactivity was recovered in the ether extract of the
acetyl dansylhydrazide. When allowances are made
for the losses expected at each step of the procedure
this was essentially quantitative. The acetylalanine,
ovalbumin and synaptosome protein all had their
major spots with the same Rf. The Rf with the first
solvent was 0.84 and the Rf with the second solvent
was 0. 78. The size of the fluorescent area obtained
with the derivative from the synaptosomal protein
was consistent with the determined amount of acetate in the protein and the size of the fluorescent
area obtained with the derivatized acetylalanine and
ovalbumin. The derivative from the synaptosomal
protein was run on seven separate plates. The spots
similar in Rf to that present in the thin layer chromatograms of acetylalanine and ovalbumin, and

representing the acetyldansylhydrazide, were removed from the seven plates, combined, extracted
with ether and then ethanol and the combined extract counted. Eight other spots were also similarly
removed, combined, extracted and counted. Only
the spots corresponding to the acetyldansylhydrazide contained radioactivity while the eight other
spots did not. It is, therefore, evident that the radioactivity from [ 3 H]acetate which is incorporated
into synaptosomal protein is recoverable as unchanged acetate.
Acetate Concentration in Brain Tissue. The
concentrations of free acetate in whole brain and
synaptosomal extracts as well as acetate bound to
whole brain and synaptosomal protein were determined (Table II). The amount of free acetate in
whole brain extract and synaptosomal extract were
the same within experimental error on a mg protein
basis. The levels of free acetate reported ( ""'0. 6 mM)
here are similar to those reported to be present in
rat plasma (11). The amount of bound acetate in both
the whole brain and synaptosomal proteins is an
order of magnitude greater than the free acetate on
a protein basis. Approximately 80-85% of the
bound acetate appears to be the N -acetyl moiety.
There seems to be a trend toward a higher concentration of bound acetate in the synaptosome than in
whole brain protein although the number of measurements are too few to be certain of this companson.

Table D. Acetate Concentration in Brain Tissue

J.Lmol/gm wet wt
SEM
Free Acetate
Whole Brain Extract
Synaptosome Extract
Bound Acetate
Whole Brain Protein
0-Acetyl
N-Acetyl
Total
Synaptosomal Protein
0-Acetyl
N-Acetyl
Total

+

*J.Lmol/mg
Protein +
SEM

0.58 + 0.07
(3) 0.011 + 0.002 (3)
0.063 + 0.013** (3) 0.012 + 0.001 (3)
0.025 + 0.005 (2)
0.140 + 0.024 (2)
0 ..165 ± 0.019 (2)
0.043 + 0.006 (3)
0.167 + 0.015 (3)
0.209 + 0.016 (3)

The acetate was extracted or released and measured as described
in Methods.
* Calculations based on the amount of protein precipitated by
perchloric acid.
** Amount present in the synaptosomes obtained from 1 gm of
brain.
()Number of samples analyzed.

~~
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DISCUSSION
In a previous paper we have reported that the
addition of veratridine to a purified synaptosomal
preparation which is incubated in the presence of
3
[ H]acetate inhibits the incorporation of the acetyl
moiety into the perchloric acid precipitable proteins
(1). Furthermore, if the veratridine was added to
synaptosomes prelabeled with [3 H]acetate the
amount of label in the protein was decreased within
minutes. This indicated that the addition of the veratridine caused a deacetylation of the protein. Since
veratridine depolarizes membranes by opening sodium channels it was postulated that deacetylation
may be related to the influx of Na + into the synaptosomes. Support for this postulate was provided
by the observation that tetrodotoxin, a neurotoxin
that blocks Na + channels (10) also blocked the effect of veratridine on the incorporation of
3
[ H]acetate into synaptosomal protein. Further support for this hypothesis is presented in this paper.
Here we show that if Na + was omitted from the
incubation medium the effect of veratrine was abolished and the amount of incorporated acetate was
increased. Furthermore, when Na + was added to
synaptosomes which had been preincubated in medium containing veratrine and [ 3 H]acetate but no
N a+ the amount of label in the protein was decreased within 1 minute after the addition of the
N a+ . The influx of the N a + appears to be closely
related to the deacetylation of the protein. Scorpion
toxin, which enhances N a + flux but by a different
mechanism than veratrine, also reduced the incorporation of [ 3 H]acetate into the synaptosomal proteins. At a low level of veratrine the scorpion toxin
enhanced the effect of the veratrine. However, at a
maximal dose of veratrine the scorpion toxin had
no added effect. This suggests that both toxins are
effective on the same N a + channel and lends further
support to the above hypothesis.
When the labeled synaptosomal proteins from
whole synaptosomes were chromatographed on a
molecular sieve column four peaks of radioactively
labeled protein were eluted. The fourth peak of lowest molecular weight peptides was not observed
when PCA precipitated and washed proteins were
chromatographed. As might be anticipated the
lower molecular polypeptides were not efficiently
precipitated by the PCA. Veratrine decreased the
labeling in all four peaks but had the greatest effect
on peaks two and four. Hence the proteins which
were best substrates for the deacetylation process

triggered by the opening of N a+ channels were concentrated in peaks two and four. SDS PAGE analysis showed that the proteins in peak two ranged from
150-25 KD and centered around 30-40 KD. Peak
four polypeptides centered around 10 KD with a
range of 5-15 KD. Peak three is rich in glycoprotein
of low molecular weight but not particularly sensitive to inhibition by veratrine. Therefore it seems
unlikely that the deacetylation is of a glycoprotein
as had been previously suggested (2).
These studies further support the hypothesis
presented previously (1) that acetylation-deacetylation may be related to the opening and closing of
ionic channels.
In addition, it is shown that whole brain extracts contain a level of free acetate (approximately
0.6 mM) which is similar to that reported to be
present in blood (11). The amount of free acetate in
the synaptosomal extract obtained from 1 g of brain
is approximately 10% of that in 1 g of whole brain
extract. This indicates that the yield of synaptosomes is approximately 10% of the whole brain tissue. The amount of acetate liberated from PCA precipitated proteins from whole brain or synaptosomes is at least an order of magnitude greater than
that of the free acetate. Most of this acetate is associated with the proteins as the N -acetyl rather
than as the 0-acetyl moiety. This is consistent with
the large amount of N -acetylated polypeptides identified in brain. When synaptosomes were incubated
with [ 3 H]acetate the label incorporated into protein
could be recovered as the acetyldansylhydrazide.
Hence, acetate was incorporated as such into the
protein.
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